BACKGROUND/OBJECTIVES: Diet cost could influence dietary patterns, with potential health consequences. Assigning a monetary cost to diet is challenging, and there are contrasting methods in the literature. This study compares two methods-a food cost database linked to 4-day diet diaries and an individual cost calculated from household till receipts. SUBJECTS/METHODS: The Diet and Nutrition Tool for Evaluation (DANTE) had supermarket prices (cost per 100 g) added to its food composition table. Agreement between diet costs calculated using DANTE from food diaries and expenditure recorded using food purchase till receipts for 325 individuals was assessed using correlation and Bland Altman (BA) plots. RESULTS: The mean difference between the methods' estimates was d0.10. The BA showed 95% limits of agreement of d2.88 and -d3.08. Excluding the highest 5% of diet cost values from each collection method reduced the mean difference to d0.02, with limits of agreement ranging from d2.31 to -d2.35. Agreement between the methods was stronger for males and for adults. CONCLUSIONS: Diet cost estimates using a food price database with 4-day food diaries are comparable to recorded expenditure from household till receipts at the population or group level. At the individual level, however, estimates differed by as much as d3.00 per day. The methods agreed less when estimating diet costs of children, females or those with more expensive diets.
INTRODUCTION
A healthy diet can promote health and reduce risk of chronic disease.
1,2 However, not everyone consumes a healthy diet. 3 One of the factors thought to contribute to dietary patterns is the cost of diet. A healthy diet has been shown to be more expensive than a less healthy diet. [4] [5] [6] Effective measurement of dietary expenditure is challenging. Examples of the methods used include:
1. till receipt collection or an expenditure diary; 7 2. retrospective expenditure questionnaires; 8 3. market sales data 9 and 4. estimation using food price databases linked to dietary assessment tools. 10 The first of these methods, used by the Living Costs and Food Survey, 7 requires households or individuals to collect till receipts or record all expenditure in a diary for a set period. This method does not directly assess dietary intake. The second method, using retrospective expenditure questionnaires, carries a low administrative burden, with the added advantage of a single time point of data collection. However, reliance on retrospective, self-reported information introduces a chance of recall bias, and specificity may be lost as foods are often aggregated into groups. Thirdly, market sales data can be made readily available from market research companies, but again, dietary consumption must be inferred from purchase data, and demographic or health information may be absent. The approach of these first three methods is to infer the diet from purchase data, the main drawback of which is that not all foods purchased will necessarily be consumed by the purchaser. Conversely, the final methodestimation using food price databases-infers purchasing behaviour from dietary consumption. An average food price is assigned to the foods reported as consumed in, for example, a diet diary, 24-hour recall or food-frequency questionnaire. Only this fourth approach makes use of established dietary assessment techniques.
The use of food price databases is increasingly common, 11 largely because the method has advantages over household expenditure measures in gauging individual-level exposure to the economics of diet where health outcomes are of interest. However, little is known about the validity of price databases in estimating costs from dietary assessment. National average prices may not reflect individuals' true experiences, wherein the food consumed may have been purchased at a range of prices. Unfortunately, there is no gold standard against which the method can be validated, as all approaches involve a degree of inference. Still, it is worthwhile to assess the extent to which methods assigning prices to dietary assessment instruments agree with measures of expenditure, and the need for this has been documented. This study compares two different methods for assessing the monetary value of diets-individual costs calculated from household till receipts and a food price database linked to 4-day diet diaries. A previous study has assessed the level of agreement between costs as estimated using a price database from different dietary assessment tools. 12 In addition, a recently published study 13 examined the agreement between cost estimates obtained by assigning prices to a frequency questionnaire and those obtained from till receipts alongside 24-hour recalls. However, to the best of our knowledge, this study is the first to compare diet costs from till receipts with food diaries.
MATERIALS AND METHODS
Two methods for assigning a monetary value to diets were compared: daily expenditure recorded using till receipts collected over a number of weeks and daily costs calculated using the Diet and Nutrition Tool for Evaluation (DANTE) cost database applied to 4-day food diaries.
Sample
This study makes use of existing data from a previous study-the Supermarket Nutrition Information Project (SNIP). The main aim of this study was to assess the validity of using supermarket purchase information to estimate nutrient intake.
14 A random selection of households (n ¼ 837) from the Tesco (a large UK supermarket) Clubcard database held at the Roundhay store in Leeds were invited to take part. Fifty-two per cent registered interest, of which 63% met the eligibility criteria. Further details of recruitment can be found in the study report. 15 Till receipts and dietary intake data were collected concurrently. The completion rate was 75%, with data available for 214 households, comprising 522 individuals.
Ethical approval for the SNIP study was obtained from the Leeds Health Authority, United Teaching Hospitals NHS Trust on 13 March 1997. 14 
Expenditure data
Participants were instructed to collect till receipts for all purchases of food for human consumption made over a 28-day period during 1998-1999. The total household expenditure on food was divided by the household size to give a per capita diet cost, expressed as a daily average. To account for waste resulting from spoilage, inedible parts or discarding, a correction factor of -15% was applied (as per the recommendations of the Department for Environment Food and Rural Affairs 16 ).
Dietary intake assessment
A weighed-intake diet diary was completed for every member of the household over 4 days (3 weekdays and 1 weekend day). Participants also kept a 'pocket book' for a record of all food eaten outside the home. 17 and is referred to as the 'DANTE food cost database'. The DANTE food cost database can be used to calculate the total and daily costs estimated from coded dietary intake data by assigning a price to each food or beverage consumed.
The food prices were obtained online from supermarket websitesprimarily Tesco, which was judged to have prices most similar to those of the National Food Survey 18 -but where products were not available, other supermarkets or specialist stores were used. Approximately 3000 products were assigned costs. Prices were translated into cost per edible 100 grams. The food portion size handbook 19 was used as a reference guide when food weights were not available. Special offer prices were not included. All items on the Tesco website that matched the description of a food item in the DANTE database were used to calculate a mean price for that item. The lowest and highest price for each item, when available, were also recorded.
The DANTE food cost database was expanded in 2008 and grew in size to 3192 products. A single consumer price index value was applied to the prices of more recently added items to bring them in line with the date on which original items were entered into the database (2004).
The SNIP food diary data were coded using the Weighed Intake Software Program, which does not include cost data. Therefore the data needed to be recoded to match DANTE. Both databases are based upon the food nutrient tables from McCance and Widdowson; 17 however, there were some recipes that could not be directly matched (for example, pheasant casserole). Participants with unmatched dietary information (n ¼ 169) were excluded from the comparability study.
The SNIP data were collected approximately 5 years prior to the development of the DANTE cost database. To account for change in price over time, data from the consumer price index 20 were used to calculate 27 food-group-specific correction factors, which were then applied manually to the DANTE cost database to adjust prices to the 1998-1999 figures.
Total diet costs were generated from the diet-diary information using the mean values in the DANTE cost database, and an average was taken across the days. Pocket book data were excluded, since these costs would not have featured in the till receipts.
Statistical analyses
For each participant, daily mean values were calculated for both the DANTE food cost estimates and the till receipt totals. An outlier was evident with respect to the DANTE food cost estimates: this was identified as anomalous (owing to the consumption of large quantities of bottled water that were not purchased during the collection period) and removed. The costing methods were tested for difference using the Wilcoxon matched pairs test. The Pearson product-moment correlation coefficient was used to assess how they were correlated. Significance levels were set at 5%. Agreement between the two methods was then assessed using Bland Altman (BA) difference plots.
A sensitivity analysis was undertaken, with the top 5% of the spenders using each collection method removed. This excluded those who spent over d5.38 (n ¼ 17) as calculated using DANTE and over d5.84 (n ¼ 18) as estimated using the till receipts (total n ¼ 33).
Subgroup analyses were also conducted for males and females and for adults and children. Statistical analyses were performed using Stata IC 11.
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RESULTS
The sample was reduced to 325 individuals from 161 households after excluding individuals with missing household composition data (n ¼ 28). The final sample had a mean household size of two, and included adults (n ¼ 256, 79%) and children (n ¼ 69, 21%). Mean energy intake of the sample was 7.15 MJ per day. Sample characteristics are presented in Table 1 .
Summary statistics for the daily cost estimates are presented in Table 2 . Costs estimated using DANTE are close to a normal distribution, whereas costs estimated using the till receipts are positively skewed. Whole-sample analyses showed no significant differences between the two methods. However, a difference was observed when considering females alone or children alone (Table 2) . Correlation coefficients are shown in Table 3 . Overall, the costs estimated using the two methods correlated weakly but significantly (r ¼ 0.335, 95% CI 0.234-0.428, Po0.001). No significant correlation was evident when children were analysed alone ( Table 4) .
The BA plot of the differences for the whole sample can be seen in Figure 1 . The mean difference between the estimates of the two methods was d0.10; the 95% limits of agreement (±2s) were d2.88 and -d3.08. The spread of points on the plot widens as the mean difference between the methods increases. This was confirmed by fitting a regression trend, which showed the 95% confidence limits widening along the x axis, showing reduced agreement at higher costs. Figure 2 shows a BA plot with the highest 5% of spenders using each collection method removed. The 95% limits of agreement ( ± 2s) are d2.31 and -d2.35. The mean difference for this reduced sample was d0.02. Table 4 summarises the mean differences and limits of agreement calculated from BA plots for each subgroup (BA plots not shown). With regression trends fitted, all subgroups displayed widening limits of agreement, indicating reduced agreement at higher diet costs. Males exhibited a similar pattern in agreement with the whole sample, both with and without the top 5%. Females showed a reduction in the widening limits of agreement on exclusion of the top 5%, but not to the extent of the whole sample, or of males.
On excluding children, the mean difference was as small as d0.01, although limits of agreement remained similar to those of the whole sample estimates. Although the limits of agreement narrowed on excluding the top 5%, the mean difference between the methods increased when adults were analysed alone. A summary of the figures for adults and children are also presented in Table 4 .
DISCUSSION
Although food cost databases are a widely employed methodology in the literature, 11, 22 little is known about the validity of such tools, or how they compare to alternative methods used to estimate diet costs. This article offers further insight into methods of estimating diet cost and complements the work of Monsivais et al. 23 , also published in this issue of EJCN. Previously, a comparison had been conducted between the estimates of a food cost database applied to different dietary assessment methods. 12 In contrast, our study compares two different diet cost methods. The study by Aaron et al. 13 also compared different diet cost methods, but used a frequency questionnaire to assess dietary intake, whereas this study was based on cost estimates from 4-day diet diaries. As such, this study should assist researchers in interpreting estimates of diet cost provided by such databases when applied to diet diaries.
The DANTE cost database estimated an average daily diet cost of d2.88 from the diet diary. This compares well with the average daily expenditure of d2.96 for the government office region of Yorkshire and the Humber (where the SNIP participants reside), as reported by the 2003-04 Expenditure and Food Survey. 18 The distribution of the till receipt cost estimates was positively skewed, as would be expected for expenditure data. Interestingly, the DANTE cost estimates were normally distributed; this may reflect the method's derivation from dietary intake.
In our full-sample comparison, the mean difference between the DANTE cost database estimates and the till receipt calculations was -d0.10. However, the limits of agreement suggest differences of up to d3.00 between the two methods at the level of the individual. This constitutes a potentially substantial difference, given that the mean daily costs of the sample were of a similar value.
Aaron et al. 13 similarly found a relatively small mean difference of $0.14 between the two methods that they compared, with 95% limits of agreement of over $7.00. This compared with a mean diet cost of around $6.00 using either method. This perhaps suggests that the use of diet diaries, as opposed to the use of frequency questionnaires, results in narrower limits of agreement.
Importantly, the results imply that the database and till receipt estimates agree best for the 95% of the sample spending less on their diets. When the more expensive diets in the sample were excluded, both the mean difference between the two methods and the limits of agreement were reduced. This suggests that differences of up to d2.30 could be expected between the two methods, although the mean difference of d0.02 shows a reassuring level of agreement at the group level.
In the subgroup analyses, both methods revealed betweengroup differences in the same direction. Costs were greater when using DANTE, rather than till receipts, to estimate costs. The level of agreement varied between males and females, and between adults and children. In particular, the DANTE cost database estimates for children varied noticeably from the till receipt values, on average exhibiting lower costs. This most likely reflects a drawback in the till receipt method, which assumed an equal consumption across all members of the household. In actuality, both the quantity and composition of diet is likely to differ across the family unit 3 -patterns that are more likely to be captured using dietary assessment. The results of this study support this, showing decreased agreement in the subgroups likely to consume a smaller quantity of food.
These results suggest that calculating the cost of food using dietary assessment data is useful for estimating the monetary value of a population's diet, and the cost estimates are comparable to recorded expenditure-in this sample, particularly for the adult majority spending less on their diets.
Limitations and strengths As a comparison study, it is difficult to draw conclusions about the validity of either method used. However, understanding more about how the best available methods relate to each other could help to enhance the comparability of findings across the literature, as long as a more precise measure of the actual cost of daily intake is still lacking.
The DANTE cost database boasts a key advantage over household expenditure data: using dietary assessment methods provides data at the individual level, which is important when investigating the economic determinants of diet and health. The till receipt value, on the other hand, is a household average, treating adults and children and males and females as equal in the mean daily expenditure calculations, whereas diets within the household are likely to differ, as suggested by the between-group differences reported here.
Dietary assessment is prone to measurement error, 24 however, and cost databases will reproduce any biases incurred through dietary misreporting. It is possible that there was under-reporting present in this SNIP sample, given that the mean energy intake was quite low, at 7.15 MJ/day. Discussion regarding the extent of under-reporting in the full SNIP sample can be found in Ransley et al.
14 In addition, food price databases are acknowledged to have certain drawbacks, 4, 11, 25 the most commonly cited of which is that no consideration is given to food eaten outside the home. 4 In this study, foods bought and consumed outside the home were recorded and coded separately from the diary data, and therefore excluded from the comparison. This will only be possible where dietary surveys collect information on where foods are bought and eaten. Researchers using food cost database methods should bear in mind the implications of food away from home in their findings.
Another limitation of food cost databases is that they tend to be static, containing prices collected at a single (or averaged) time point. However, this comparison study applied consumer-priceindex-derived corrections to the DANTE cost database prices in order to link estimated costs to the till receipt information collected in a different year. The high level of agreement found suggests that using inflation indices is effective for food cost databases.
A further common criticism of using a database of national average prices is that these prices may not be indicative of the prices faced by certain populations. 22 Geographical variations, as well as retailer availability and access, 26, 27 could affect the costs Average of DANTE and till receipts (£/day) Figure 1 . BA plot of the differences between daily costs, estimated using the DANTE cost database, and daily expenditure, calculated using till receipts (adjusted for waste) (d/day) (shaded area represents 95% limits of agreement). Figure 2 . BA plot of the differences between daily costs, estimated using the DANTE cost database, and daily expenditure, calculated using till receipts (adjusted for waste) (d/day), when the highest 5% of spenders are excluded (shaded area represents 95% limits of agreement).
encountered. Using mean prices could result in an overestimation of diet expenditure for groups that consistently purchase foods at lower-than-average prices (or vice versa) or those who make use of discounts and promotions to stretch their budget. 28 The SNIP study was not designed to be nationally representative, and it is possible that the limits of agreement reflect a variation in product prices: only the mean cost of each food item from the DANTE cost database was employed, whereas the full range of costs may have been represented in the till receipts. In future applications of the DANTE cost database, there is a potential to use the low and high values within the database.
Within the DANTE cost database, some infrequently consumed foods-for example, some exotic fruits (rambutan) and offal (trotters and tails)-lack cost information. Six of these foods were reported in the diaries of four participants from the sample. This may have resulted in an underestimation of expenditure for these participants. It is unlikely that the small amounts involved will have skewed the results.
As well as assuming equal consumption across the household, the till receipt method assumes that the period of data collection (in this study, 4 weeks) reflects habitual behaviour. In some households, however, this may not capture typical storecupboard purchases, the entertainment of guests or atypical eating-out patterns. It may be possible to overcome some of these problems by matching till receipt information to dietary assessment, but this would be burdensome to both participants and researchers. There was also an assumption made about the quantity of food purchases wasted, with a correction of 15% applied to the till receipt estimates. Although this figure was based upon national UK household waste data, the quantity of food wasted is likely to vary according to the type of food. 16 Further research might investigate whether food-group-specific waste correction factors would improve estimates.
Cost of diet is likely to warrant an increasingly important role in public health research. The increasing economic pressures of recent years have elicited growing concern about the affordability of a healthy diet. Establishing whether diet costs contribute to inequalities in health could have far-reaching implications for public health policy. This comparison of increasingly common methodologies was therefore critical for the interpretation of diet cost research and adds to the scant literature on diet cost estimation methods. Appreciating how these methods compare with each other should help improve confidence in evidence suggesting how some groups of people consume diets of higher or lower monetary value.
CONCLUSIONS
A food cost database linked to a dietary assessment tool agrees well with estimates from household expenditure at a population level, with a mean difference of d0.10 between the methods. Agreement was stronger for the 95% of the population with lower diet costs and for adults. However, estimates were found to differ at the individual level by as much as d3.00 per day. These results should help improve confidence in the interpretation of research assessing the monetary value of diets.
